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SUNMARY

.

A study is made of the effect of variation in diameter and pitch of
A17S-T4 aluminum-allw flat-head rivets on the average stress at maximum
load for 24S-T3 and 7!%-T6 aluminum-alloy, flat, Z-sttifened panels that
fail by local instability. A curve is presented for determiningg the
diameter and pitch required to insure the development of a given average
stress for local instability.

INTRODUCTION

~ extensive investigation of the effect of variation in rivet
diameter and pitch on the average stress at nmdmum load for longitudi-
nally stiffened compression panels,is being conducted in the Langley
Structures Research Laboratory of the National Advisory Committee for
Aeronautics. So far this investigation has consisted primarily of the
collection of experimental data to use as a guide for the establishment.
of methods for taking into account the effect of rivettig on panel
strength.

The data reported (references 1 to ~) have been concerned with
2LS-T3 aluminum-all~ panels, particularly those having longitutial,
formed, Z-section stiffeners attached with AI-7S-T4flat-head rivets. The
phase of the investigation reported herein is a generalization and exben-
sion of the previous work, with the primary purpose of maldng the results
applicable to 7SS-T6 material.
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d

P

Ef

af
pot

ts

“%

bs

bA

%

b

L

w

P

=Cy

c

Pi

rivet diameter, inches

rivet pitch, inches

“averagestress at ~um load, ksi

llpotentialstrengthtlor highest average stress at maximum
load obtained by v-g rivet diameter and pitch, ksi

skin thickness, inches

stiffener thiclmess, inches

stfifener spacing, inches

width of attachment flange of sttifener, inches

width of web of sttifenerj inches

width of outstanding flange of stiffener, inches

length of panel, inches

width of panel, inches

radius of ~ation, tithes

compressive yield stress, ksi

coefficient of end ftity in Euler column formula

compressive load per inch of panel width, kips per

“

.

inch

GENERALIZATION OF RESULTS FOR 24S-T3 MATERIAL

As a first step in the generalization of the results obtained in
references 1 to ~ for 24S-T3 panels, a llpotentialstrength’ror maximum
attainable strength was defined as the highest average st??essat maxi-
mum load Gf that can be obtained for a given panel by varying rivet

pot
diameter and pitch to find the optimum. Curves giving the stresses for
such ideally riveted panels were then prepared from the data of refer-
ences 2, 4, ~, and 6 in which just such a variation in rivet diameter

.
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and pitch was made.
curves derived from
make them as nearly

The data of these papers were analyzed and the
them were faired and cross-plotted in order to
representative as possible of the potential

strengths of the panels considered - namely, short, 21&T3 aluminum-
alloy (acy% 43.9 ksi), flat panels with longitudinal, formed, Z-section
stiffeners attached to the sheet with A.17S-T4flat-head rivets. The
resulting curves of Ffpot plotted against the ratio of stiffener

spactig to stin thiclmess bS/tS are given in figure 1. .

Study of the strengths reported in references 2 to 5 expressed as
percentages of the potential strengths given by figure 1 of the present
paper revealed that the effect of riveting does not appear to be related
to panel cross-sectionalproportions. In fact, a single chart could
evidently be prepared which would give fairly well, for all proportions,
the relationship between the rivet diameter and pitch and ~f/5fDot, the

ratio of the average stress at maximum load to the potential str&ngth.
Such a chart is presented in figm-e 2.

The accuracy cf figures 1 and 2 is demonstrated in figure 3 where
the experimentallymeasured values of Gf from references 2, 4, and ~
are plotted for comparison with curves derived by the use of figures 1
and 2. Inspection of figure 3 reveals, despite numerous individual
deviations, fair,correlation of the curves and the experimental points.
In the individual cases for which correlation’ispoor, the evidence
seems to point more toward ~ariation of the experimental.values frm the
norm than toward errors in the curves.

The family of curves of the charts which show the effect of riv-
eting on panel strength (fig. 2) can be generalized further into the

single (full-line) curve of figure 4. Here is plotted the ratio &

()

P2 pot

ts + tw
against

d 9 a measure of the rivet pitch squared and an inverse

ts+tw

measure of the rivet diameter. This parameter was chosen as an appro-
priate one after an extensive study of various combinations of d, p,
ts, and tW. The fact that it is appropriate is indicated in figure 4
by the small differences b,etweenthe full line and the dashed curves
derived from figure 2. The maximum differences are between 4 and 5 per-

cent over the given range of values of d
and h.

ts + tw
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EXIXNSION OF RESULTS TO 75S-T6 MATERIAL
.

The first step in the extension of the results for 24S-T3 aluminum-
alloy Z-sttifened panels to 75S-T6 material was the development of curves
giving the potential strengths in this higher strength material. These
curves are presented in figure ~. Because extensive data on the effect
of riveting on the strength of 75S-T6 panels comparable to tits for
24S-T3 panels were not available, the potential strengths of short
75s-T6 panels were derived simply from the data of references 7 and 8.
The riveting of the panels of these references was believed sufficiently
strong to produce very nearly the potential strengths of the panels; the
achievement.of strengths appreciably greater thap those given by the
curves of figure 5 appears unMkely even if a stronger rivet material
than A17S-T4 be used.

w

In order to provide’s basis for the development of a chart giving
the relationship for 75S-T6 material between riveting and the ratio of
actual and potential strengths, a few additional tests were made of
75s-T6 panels wherein the strength of riveting was varied. These
7!%-T6 panels were built and tested essentially as described in refer- .
ences 1 to S for 21JS-T3specimens, and the results are given in table 1.
lRmm these test results, and the data of references 7 and 8, a chart was

.

prepared for determining the reduction from the potential strength of
75S-’T6 P=els caused by the use of less than ideal riveting. ~~s chart
is presented as figure 6.

.
,.

In figure 7 the experimentallymeasured values of Uf are compared
with curves derived by the use of figures 5 and 6. As in the case of the
2@-T3 panels, the accuracy of the curves appears no worse than the scat-
ter in the experimental results, although in some cases this scatter is
substantial.

lh the same way that the curves of figure 2 for 24S-T3 panels were
generalized into a single curve (fig. 4), the chart of figure 6 was gen-
eralized into the single (full-line) curve presented in figure 8. The
mahmm differences between that curve and the chart of figure 6 are
indicated in figure 8 by the dashed ties. These differences are of the
same order of magnitude as the corresponding ~ferences in 2&’T3
material.

GENERALIZATION OF RESULTS FOR BOTH 24S-T3 AND 75s-T6

Comparison of the curves of figures 4 and 8 reveals that the M-
ferences produced on the effect of riveting by changing panel material

——— —— —
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are less than the experimental scatter for panels of either 24S-T3 or
75s-T6 aluminum al.lw. In order to obtain a better picture of the
actual magnitude of this scatter and to determine the practicability of
establishing a single curve for both materials which would show the
effect of riveting on panel strength, figuxe 9 was prepared. In this
figure were plotted all available test results on theeffect of riveting
on the average stress at maximum load for panels that f~il by local

tff ad (%:%)instability, with the parameters ~
Uf d

used as ordi-

pot ts + tw

nate and abscissa, respectively.

The first impression given by figure 9 is perhaps that the scatter
band is exorbitantly wide, especially for the weaker combinations of
rivet diameter and pitch, and that possibly a better choice of parameters
might reduce the width of the bagd. Detailed study, however, suggests
that the band width is h fact just scatter caused by variations in
sheet thicknesses, flatnesses, or material properties, and by incon-
sistencies in fabrication or test techniques.

If the scatter band is of the width indicated in figure 9, the use
of detailed curves or calculations for determining the effect of riv-
eting on panel strength is hardly jusizlfied. Rather, for design pur.’
poses, the use of the lower Mrd_t to the scatter band of figure 9
appears to be the logical proce~ure. Consideration must still be given,
however, to the detailed design of the panels and the rivets used. For
example, figure 9 is based on data obtained using A17S-T4 flat-head
rivets. Accordingly, the use of countersunk rivets which fail to
develop tensile strengths approaching”those for protruding (flat) head
rivets may be expected to reduce the panel strengths. (Data on tensile
properties of rivets are given in references 1 and 9; in reference 1
rivets driven by the NACA flush-riveting procedure are shown to develop
essentially the same panel strengths as flat-head rivets.)

The use of figure 9 to determine theeffect of riveting on panel
strength is illustrated in the following example.

JJXJJSTRATIVEEXAMPLE

To illustrate a possible procedure
riveting on the local buckling strength
2~-T3 aluminum-alloy Z-sttifenedpanel

for predicting the effect of
of Z-stfifened panels, a short
of the dimensions shown in

——..-. . ...— -..—..— .— __ —+— .-- —.. ———. . .._. — . . --- -—-- .—-—. - ——
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figure 10 is considered. For this panel the following dimension ratios
apply:

t

P
—=5.3
ts+qj

tw ~
—- 0.63

(%4
P2

d
= 37*5

The problem is to replace this panel with a 75s-T6 panel having the
same cross section and having at least the same load-carrying capacity
but greater rivet pitch.

The potential strength for the given proportions h 24S-T3 material
is found from figure 1 to be - * 37 ksi. For the given rivet diam-

‘%ot
eter and pitch, from~igure 9 th~ minimum value of 5f to be expected
is found to be appro~tely 0.84 times the potential, or 31 ksi.
Accordingly, the 7%-T6 panel is to be designed to carry an average
stress at maximum load equal to or greater than 31 ksi.

The value of CFfpot in 75s-T6 material

is indicated in figure 5 to be appro~tely
order to have the same minimum value of Gf ~
value of ‘f/afpOt of approximate~ 0.60 is

it can be seen that the value of (&r
d

ts + tw

Value of 6f/=fpot of 0.60 is approxi@ely

for the given proportions

52 ksi. Therefore, in
as the 2.!G5-T3panel, a
required. From figure 9

corresponding to a minimum

.

220. Accordingly, if the

same rivet diameter is used as for the 2&T3 panel, that is

d=~in.

.
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the ~um allowable rivet pitch can be found as

t~:ti=~

and

= 12.8

p = 12.8(0.102 + 0.064)

Use of the detailed curves of figures 2
7SS-T6 panels, respectively, gives predicted
2.!LS-T3and 37.7 ksi for 75S-T6 panels of the

and 6 for 24S-T3 and
stresses of 35.0 ksi for
proportions considered

for the example. While the predicted 35.0 ksi for 21JS-T3agrees pre-
cisely with the experimentallymeasured value (35.0 ksi, see p. 16 of
reference 4), the predicted 37.7 ksi for 75s-T6 is higher than the
value measured on either of twd duplicate specimens (32.1 ksi and
37.1 ksi, see table 1). Although these measured values are both lower
than the value given by the curves of figures ~ and 6, they are both
above the minimum given by the lower-li&t curve of figure 9 and they
serve as a further indication of the desirability of using the lower-
limit curve for design purposes.

CONCLUDING REMARKS .

Charts prepared for determining the effect of variation in rivet
diameter and pitch on the average stress at maximum load for 2QS-T3
and 75S-T6 aluminum-alloy Z-stiffened panels that fail by local insta-
bility show that, at least over the range considered, the effect of -
riveting can be approximated nearly as well by a single curve as by
more detailed curves tailored to particular proportions. The fact that
the prediction of the effect of riveting by any method may not be very
accurate in any spectiic instance, however, is shown by the scatter b
the test results previously reported, the scatter being greater with
the weaker riveting. For design purposes the use of,the lower limit ‘
to the scatter band should be satisfactory provided that consideration
is given to the effect of deviations in details of construction from
those used h this investigation.

Langley Aeronautical Laboratory
National Adviso~ Committee for Aeronautics -

Langley Air Force Basej Va., April 18, 1950
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TABLE 1.- NOMINAL DIMENSIONS OF 75S-T6 ALUMINUM-ALLOYPANEIS AND TEST RE3ULTS

1

3

5

7

aAverage of two tests.

Stiffener width, Length, Diameter Pitch of Average streae
b3 apaclng, ‘w L of rivets, rivets, at maxlmm load,

+Ts
(2. ) (in.) (lD.) (1:.) (1:.) (k% (Ifai)

1/8 5/8 63.4 2.78
1/8 lb 52.8 2.33

1/8 23

1
‘943.9 1.88

25 2.55 13.77 9.39 1/8
%6

39.8 1.75

3/8 12 70.0 3.08

3/8 4 54.6 2.42
3/8

& 45.8 2.03

1/8 5/8 ‘ 55.4 2.17

1/8 12 49,.4 1.94

1/8
%“

a35.8 1.k5

J5 3.57 18.87 8.89 1/8
*

32.4 ‘ 1-.29

3/8
% 56.1 2.24

3/8 2$
49.5 1.96

3/8 3& 40.6 . 1.62

1/8 5/8 43.5 1.69

1/8 l& 39.4 1.48

1/8
2+

a31.1 1.09

jO 5.10 26.52 8.23 1/8
%

28.2 1.05

3/8 %
47.8 1.76

3/8
k? ‘“8

1.66

3/8
% 37.5 1.39

1/8 5/8 38.6 1.42

1/8
‘h

31.2 1.15

1/8
2$ 33.3 1.24

75 7.65 39.27 7.37 1/8 l%
22.2 .82

3/8 1~ 1+1.o 1.52

3/8 Zh 37.9 1.43

3/8 %6
28.5 ~.06

.. . . ——. . .-. .— .—.— —r— ,—......-— —— —.- ...— —— - ..

9
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TAME l.- lioamNALmdENWOE3 OF 75S-T6 ALUMINUM-ALLOYPANEM AND T29T RESULTS - Continued

$tlffener Width, Length, Mameter Pitch of Average atres8

s
Sphcing, w L of rivets, rlvets, at maxlinumload,

8’ $
9 (J?) (lIl.) (In.) (1:.) (:.) (ksi)

t~ = 0.102 in.; lqf=4.08 In.; bF=l.63 in.; bA = 0.97 h.;

% . ;-m;
~ 2

= l+o;. +.=2(J

1/8 5/8 41.7 0.895

1/8 1$ 34.4 .734

1/8
2%

30.6 .663

25 2.55 13.77 33.78 1/8 %%
26.1 .5&

3/8 %
-lQ.o .879

3/8 23 , 38.8 .832

3/8 % .
29.5 .625

1/8 5/8 37.3 ●U

1/8
%

32.6 .552.

1/8 2X 27.3 .460 ,

35 “ 3.57 18.87 33.66 1/8
2 24.5 J+20

3/8 % ?“5
.732

3/8 2%
38.4 .642

“ 3/8 “+ 32.6 .548

1/8 5/8 32.9 .459

1/8
13 “ ‘“9

.402

1/8 %
25.5 .366

50 5.10 26.52 33.02 1/8
%?

20.8 “.290

3/8 1$ 33.9 .473

3/8 2$
33.2 .462

3/8 % ~ 32”4
.448

1/8 5/8 . 29.1 .?44

1/8
+k ‘“5

.289

1/8 ,21 22.1 .264

75 7.65 39.27 31.62 1/8 4
18.0 .213

3/8 + 29.1 .343

3/8 22 28.5 .340

3/8 $
24.4 .288

—

.
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TABLE 1.- NOUNAL DIMENSIONS OF 75s-T6 ALUMINDU-ALLOYPANEIS AND TEST RHDTiTS - Concluded

Stiffener Width, Length, Diemeter Pitoh of Average stress
‘s spaohg, w L of rivets, rivets, at mixiiuumload,
-
‘s

bS %
(in.) (in.) (in.) (i:.) (1:.) (ksi)

tg = 0.156 In.; bW = 1.2> in.; bF = 0.49 In.; bA = O.~~ in.;

‘.0.63; $=12; :=20
a

5/32 + - 47.8

3/16 &32
49.0

15 2.34 12.72 9.10 1A 13/16 74.8

5/16
g

57.8

3/8 .32
59.2

tg=O.125 in.; W=2.04 in.; bF= 0.82 in.; bA=0.p7 in.;

w h L
5=0”79; G=20; P=20

5/32 2$ 43.4

3/16 2$ b7.o

25 3.12 16.62 15.93 1A 13/16 62.9

5/~6 2$
j4.o

3/8 2$ 54.1

tS = 0.102 in.; ~ =4.o8 in.; bF =1.63 in.; bA=O.97 in.f

L-20
~ = 1.00; :=40; ~ -

‘ 5132 1.+ 33.2

3/16 1$ 55.3

I+o 4.08 21.42 33.70 3/16 19/52 37.8

5/16 1$ 37.7

3/8
11
5

38.0

. t~ = 0.102 in.; ~=1.28qn.; bF=O.51 in.; bA=O.61 in.;

w w L
—=0.63; —=20; ~=20t3 %

32.1

35 3.57 18.413 8.19 1/8
4. 37.1

II

——.-..——..- .-— .- -— —. ..—- - - -- — -—— -- — -—- —-—
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qy .sfiffeners~790 ksi)
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